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DHFTH, 20134E3 H ARG PETIAEDNHESILTODHINIHR B2 7 b2 0
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R BRI IR E R T BT i3, RUAVAOPEE 0| EYE S L TORPEIZ DN
THIER D DR DY | Fio, ERRAYRTE A EH IR T D L0E B R A M E
WD, DivbIE, HINIIEA A 7 )L P A )L AD BT 3 D18 R+ D fi
Bradesh | FP a8 ERICRBIL CUOVBTMPRSS28V) 7 0T 7 — B A8 A28 0O HEFE A
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IVADEFEIZ BT HTE ER T O EED |
W gs ERRICRBIL TS TMPRSS2 SV )7 a7
T—EMR, HIN ERIEA TN FTA R
DUEDERNEIERER 7 ThoZ LERE
1k 7~ (Sakai et al. 2014 J Virol 88:5608-16), =
DT ENE, HINT HAIRe H3N2 BRI D ZEHEitE
TIVEPFTA VAL R CHE THY ., B R
HEN1 BRI LI RAe>TWAHZEEFEHLE
(Sakai et al. 2014 ] Virol 88:5608-16), 2D 7
77 —8 TMPRSS2 I, [FU<EIE D FT HIF R 5
BYFET ANVATHD, SARS auF 7 AL Ae
MERS @AV ADIEHACIK T CTHZ &3
BONITR o TWND, T 7205, TMPRSS2 DFHE
%R T AN TENIL, Fr B 25 Y

SEIT 63 DR R RIEL R DT REME D B D,

INHOHE B, ERICEETHAHEE X, 2014
FTH2B~8A 1 BIZAFTFDEA A —
TR S Tz E R W= & (16th TUMS
International Congress of Virology) {Z& 1L T,
HEERRICTHREL, HRPO Tz
A NV AR DR EREGIE D A NV ADHF 583
PODOEREFIR LI, 2, ZhbDf REE
PREEIZ 3 E L7 (Sakai et al. 2014 ] Virol
88:5608-16)

C. Wr7ehs R

bILbN O RIL. EREMAEYRETD
FEFICESFMENTZ, — T DD DIF
R LI T B P R AR S K A
DTN —T BB TERY (Tarnow et al. 2014 ]
Virol 88:4744-51; Hatesuer et al. 2013 PLoS
Pathogen 9:1003774) , ZNHDT N—TL DT
—H DB OV TERICR o7, BAERITI
WD b —7% TMPRSS2 A3 HINT #EA72
SN HING BEERID AL 7 )V 7 A )L ADBE
FEARED T DTS ERF ThHEDRETRE
BTN, KAV DT N—T TR TIE, b
DONOFEREITERD HIN2 AT >
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PFIANVRIL, FOBEFEDT=HIZ TMPRSS2 %
BLLBRWEDERER TV, 2FITBVT,
FOEWZDOWTHLNZTHIEN, 5%,
B2 R ERLDA L TN FIA N ADEEER
BT 5 ECHFICEETHY, MR, A
VIV FTA N ADRFIE T AT REMER
bDHLDFmE ST T2,

D.E. B2

D%, FFETOEMEZLEIZ, HIN2 S
TN T A VA TMPRSS2 (R IR %
bhvbhd s N—7(Sakai et al. 2014 ] Virol
88:5608-16) &, KAV D F )L—7"(Tarnow et al.
2014 J Virol 88:4744-51) M3EWNIOWT, BFZE
EHEDT, TOFER, HIN2 ER O 7Ty
FOA NG HIND #EIRS HING #RIDA 7
T FTANRERERRIZ, A3RIL TMPRSS2 %
VEDHEFERF LU THEIE T2V AL ATHY,
NI WF B RTED—E DR E DFESH N
(BELIIHEEMIBOR BRI E TOMA
DIBEFET) RETHILIZEY, TMPRSS2 LASAD
EEX7uT T —EBE2EIDLIDIC—EHDOERE
FRICBWTIIE R L TWATHAIZEMBFEAT
&7~ (Sakai et al. 2015 ] Virol in press) . ZODF5 5%
EEETDHE, TMPRSS2 1%, K4 2BERID A
TN TA VA TRBONT, LD 7 B 35
BRGLE T AN ADEERIEMELEER THY, &
1 RACSEIL 72 B 05D AV AKIBR R S R
TEDEEZONT,

F. iEREfaRiEH
FFROFIRRL

G. WFFEFEE

ASCFER

1. Sakai K, Ami Y, Tahara M, Kubota T, Anraku
M, Abe M, Nakajima N, Sekizuka T, Shirato K,

Suzaki Y, Ainai A, Nakatsu Y, Kanou K,



Nakamura K, Suzuki T, Komase K, Nobusawa E,
Maenaka K, Kuroda M, Hasegawa H, Kawaoka Y,
Tashiro M, Takeda M. (2014) The Host Protease
TMPRSS2 Plays a Major Role in In Vivo
Replication of Emerging H7N9 and Seasonal
Influenza Viruses. J Virol. 88:5608~16.

2. Sakal K, Sekizuka T, Ami Y, Nakajima N,
Kitazawa M, Sato Y, Nakajima K, Anraku M,
Kubota T, Komase K, Takehara K, Hasegawa H,
Odagiri T, Tashiro M, Kuroda M, Takeda
M. (2015) A mutant H3N2 influenza virus usea an
alternative activation mechanism in TMPRSS2

knockout mice by loss of an oligosaccharide in

the hemagglutinin stalk region (in press)

EEIENE2 e

1. Sakai K, Ami Y, Tahara M, Kubota T,
Nakajima N, Kuroda M, Hasegawa H, Kawaoka Y,
Tashiro M, Takeda M. (2014 July 27-August 1)
The host protease TMPRSS2 plays a major role
for influenza virus replication in vivo. 16th [UMS
International Congress of Virology.

2. Sakai K, Ami Y, Tahara M, Kubota T, Anraku
M, Nakajima N, Sekizuka T, Komase K, Kuroda
M, Hasegawa H, Kawaoka Y, Tashiro M, Takeda
M. (2014 September 23-26) The host protease
TMPRSSZ is essential for influenza A virus
International

pathogenicity. The 13th Awaji

Forum on Infection and Immunity in Nara.

H. Znf R BEHE D HRE - B ER R
(FEEET,)

FERF IS

SR S

ESSERIE SR

KRt EERL

D

Frro L

26

AT AT AN ERHL, B BRI AE Y <5 (16th
[UMS International Congress of Virology) TD%
RATAR,



LG

TMPRSS2 is essential for influenza virus
replication in vivo

Sakai K' , Ami Y' , Tahara M', Kubota T' , Nakajima N' ,
Kuroda M' , Hasegawa H' , Kawaoka Y2 3 | Tashiro M,
Takeda M'

"National Institute of Infectious Diseases, Japan
2 University of Tokyo, Japan
8 University of Wisconsin-Madison, USA

IUMS 2014 Montreal, Canada

Seasonal Influenza viruses
Activated in the respiratory tract of humans

Candidates ?

Tryptase Clara
Mini-plasmin

Ectopic anionic trypsin |
Mast cell tryptase
Tryptase TC30

Trypsin

HAT

TMPRSS2

LPAI

Activated by specific protease(s)
localized in respiratory and intestinal

organs

HPAI

Activated by ubiquitous
proteases
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TMPRSS2

Autocatalytic activation

Zymogen

N

Serine protease domain

LC/'J

TMPRSS2 activates influenza virus.

1. Garten et al. (2004) International Congress Series 1263:218-221.

2. Boticher et al. (2006) J Virol 80:9896-9898.

Mouse model
LPIV is activated in the respiratory tract of
mice

Gene knock out

P1-3 amino acids of respiratory virus
membrane fusion proteins

P3| P2 | P1

HMPV '
Sendai virus ?
HPIV1 2
HPIV2 ?
HPIV3 ?
HPIV4 ?
IAV H1N1
IAV H2N2
IAV H3N2 T
'Shirogane et al. (2008) J Virol 82:8942-6.
2Abe/Tahara et al. (2013) J Virol 87:11930-5.

The targeted gene of TMPRSS2 knockout mouse

loxP loxP

>

exon 2 /

lacZ-p(A) hUbCpro-neo-p(A)
TMPRSS2 -/- ES cells were obtained from the Trans-NIH KOMP

Sakai et al. (2014) J Virol 88:5608-16



68

Subtype Cleavage  Strain Feature
site :
HIN1  Mono-  A/California/04/09 ~  Mouse
H3N2 Mono- A/Guizhou-X Mouse
basic -adapted
H7N9  Mono-  A/Anhui/1/2013  Human
~ basic ... isolate
H1N1
WT KO
BW (%) BW (%)
120 - 120 -

] A 405 , A0
110 N 184 110 4~ 10
100 iy 103 100 103

4 102 w10
90 4 10 90 A -4 10
80 - A 1 80 A
70 70 |
60 - B0 At

0246 8101214
Days post infection

LDg, = 1.2 x 10 pfu

02 46 8101214
Days post infection

LDg, = >10° pfu

Sakai et al. (2014) J Virol 88:5608-16

Virus (H1N1) titers in the lung lavage fluid

108

104

103

102

10

WT

2 4 6
Days post infection

KO
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104

108

102 F

10

2 4 6
Days post infection

Sakai et al. (2014) J Virol 88:5608-16

TMPRSS2 KO mice infected with
~1000 LD, of influenza viruses




0€

H3N2 WT KO

infection
- HA1
u HA2
Lung lavage fluids Lung homogenates

Sakai et al. (2014) J Virol 88:5608-16

H1N1, H3N2 infection (6 days pi)
KO

H1N1

H3N2

Sakai et al. (2014) J Virol 88:5608-16

H3N2

WT KO
BW (%) BW (%)
120 -
108 120 e 105
10 - 10¢ 110 4 10
R 103 ‘ z 103
100 102 100 # ék s 102
90 - 10 90 - 4 10
80 - 80 o
70 70 -
60 : : 60 : : S
0246 8101214 0246 8101214
Days post infection Days post infection

Sakai et al. (2014) J Virol 88:5608-16

H7N9

WT KO
BW (%) BW (%)
110 . -
4107 1o ER i"@’;ﬂ%‘{% 107
100 -7 106 100 - - Sl 108
W e
90 - e 105 90 e 105
80 80
70 - 70 -
60 1 1 i »— i 60 .
0 2 46 810 0 2 46 810
Days post infection Days post infection
— 3 = 7
LDy, = 4.6 x 10° pfu LDy, = >107 pfu

Sakai et al. (2014) J Virol 88:5608-16



H5N1

1€

WT KO
- BW (%) BW (%)
Subtype Cleavage  Strain Feature 120 - 120 -
site
110 110
H5N1 A/Vietnam/1194/04 Human |
isolate 100 : \ 100
90 A W‘%ﬂ £ 104 90 e 104
80 1«\%} 80
70 - “’% = 102 20 A 102
60 - A 60 PS WU N —— —d
0 2 4 6 8 0 2 4 6 8
Days post infection Days post infection
Sakai et al. (2014) J Virol 88:5608-16
H5N1 infection (6 days pi)
Published
data
Hatesuer et al. PLoS Pathog (2013) 5 Dec 2013
9:e1003774
Tarnow etal.  J Virol (2014) 12 Feb 2014
88:4744-51
Sakai et al. J Virol (2014) 5 Mar 2014
88:5608-16

Sakai et al. (2014) J Virol 88:5608-16
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Virulence in TMPRSS2 KO mice

Hatesuer
etal.

Tarnow
et al.

Sakai et
al.

Conclusion

TMPRSS2 plays a major role in
in vivo replication of H7N9 and
seasonal influenza viruses.

Kouji Sakai
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